A novel antioxidant role for ligandin behavior of glutathione S-transferases: attenuation of the photodynamic effects of hypericin.
Hypericin (HYP) is a major constituent of the herbal antidepressant St. John's wort with potential utility as an antitumor photodynamic sensitizer and antiviral agent. Upon irradiation at 540-600 nm, HYP generates reactive oxygen species (ROS) and induces oxidative stress. Here, human glutathione S-transferase (GST) isoforms GSTP1-1 (P1-1) and GSTA1-1 (A1-1) are shown to bind with high affinity to HYP and to differentially quench its photodynamic properties. In steady-state turnover studies, HYP inhibits A1-1 and P1-1 with IC(50) values of 160 and 190 nM, respectively. Fluorescence titration experiments and fitting of the data to the Hill equation yield apparent K(D)s for binding to A1-1 and P1-1 of 0.65 and 0.51 microM, respectively. The recovered Hill coefficients are 1.8 for both GSTA1-1 and GSTP1-1, indicating that multiple HYPs bind to each isoform. This behavior is reminiscent of classic "ligandin" activity of GSTs, wherein nonsubstrate planar aromatic anions are sequestered on, and inhibit, the enzyme. However, HYP complexed with P1-1 is photodynamically attenuated, with minimal protein oxidation. In contrast, light-dependent, oxygen-dependent, oxidation of A1-1 was modest and oxidation of human albumin was extensive in the presence of HYP, as monitored by electrospray mass spectrometry (ESI-MS). A peptide "trap" of diffusive ROS was oxidized extensively upon irradiation of HYP in the presence of albumin but very little in the presence of P1-1 or A1-1. Solute quenching studies were used to probe the accessibility of the bound HYP in each of the protein complexes. The fluorescence of HYP complexed with albumin, A1-1, or P1-1 was quenched by I(-) with quenching rate constants (k(q)) of 1.1 x 10(9), 2.4 x 10(9) and 0.5 x10(9) M(-1) s(-1), respectively, indicating that small molecules such as O(2) have similar diffusional access to the complexed HYP in each of the proteins, eliminating the possibility of differential accessibility of oxygen as the source of a different yield of ROS. This is the first demonstration of a possible antioxidant role for the ligandin activity of GSTs and a striking example of protein-specific effects on hypericin photodynamic activity. Even highly homologous protein isoforms can differentially promote or inhibit photosensitizer activity.